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(57)  Improved plant for the electrochemical forma-
tion of lead-acid batteries, which comprises a circuit for
circulating the electrolytic solution for the purpose of con-
trolling its temperature and electrolytic concentration,
provided with supply means for conveying into the cells
via a first distribution header a first flow of electrolytic
solution at a constant piezometric pressure and return
means for removing under a vacuum by means of a suc-

Improved plant for the electrochemical formation of lead-acid batteries

tion header the first flow of electrolytic solution from the
cells. A cap, which comprises an inlet pipe connected via
a first connecting line to the first distribution header and
an outlet pipe, is removably mounted in a sealed manner
on each cell. Each cap also comprises at least one ven-
tilation pipe which connects the internal environment of
the cell, present underneath the lid, to the external envi-
ronment which is at atmospheric pressure, so as to dilute
the formation of inflammable gases inside said cell.
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Description

Field of application

[0001] The present invention relates to an improved
plant for the electrochemical formation of lead-acid bat-
teries, according to the preamble of the independent
main claim.

[0002] The plantin question is intended to be used in
the industrial sector for the production of lead-acid bat-
teries and, in particular, for the electrochemical formation
of large-size batteries such as stationary power-supply
batteries or industrial batteries for driving electrical vehi-
cles.

Background art

[0003] The industrial processes for the production of
lead batteries conventionally envisage a step for assem-
bly of the individual voltaic cells which make up the bat-
teries, with the provision, inside plastic containers, of lead
plates or grids containing the active material (lead, lead
sulfate, etc) which is involved in the electronic chemical
reactions. The positive and negative plates are connect-
ed electrically together to form the electrodes, are im-
mersed in a concentrated aqueous solution of acid, re-
ferred to below as electrolytic solution, generally consist-
ing of sulfuric acid (electrolyte), and are electrically divid-
ed by partitions for isolating the electrodes from each
other, while allowing free circulation of the electrolyte.
[0004] The plates are therefore those elements where,
during discharging and charging of the batteries, electro-
chemical reactions occur for transformation of chemical
energy into electrical energy and vice versa. During dis-
charging the anode is subj ect to an oxidizing reaction
and the cathode to a reducing reaction which enable an
EMF to be generated at the electrodes.

[0005] At the time of their production, the plates are
inert or inactive and are made active by means of an
electrochemical formation process for transforming the
oxide and the lead sulfate into spongy metallic lead and
into lead dioxide which form the active material of the
respectively negative and positive plates.

[0006] This operation for electrical formation of the
plates requires the supplying of direct current to the elec-
trodes of the cells forming the batteries so that they are
charged up to the predefined voltage and current values
and are ready for commercial distribution and use.
[0007] During formation of the plates there is an in-
crease in the temperature of the electrodes and the elec-
trolytic solution both owing to the endothermic chemical
reactions which take place during charging and as a re-
sult of the ohmic effect due to the flow of the direct current.
[0008] A problem which exists in the industrial battery-
manufacturing sector consists in the need to accelerate
the formation process without, however, increasing the
charging current to excessively high values which could
damage the active material.
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[0009] For this purpose, various formation methods
and plants have been developed in order to control the
temperature during the process for electrochemical for-
mation of the plates, with the aim of preventing damage
to the active material which lines them. In order to achieve
this, the temperature must preferably be kept below 60°
C.

[0010] In accordance with a known plant for the elec-
trical formation of lead-acid batteries, in order to cool the
electrolytic solution during charging, said solution is ex-
tracted from the battery cells and is circulated inside an
external circuit where its temperature characteristics and
electrolytic concentration are controlled.

[0011] It has also been attempted to solve the problem
of heating by circulating inside the battery cells an elec-
trolytic solution which is diluted or has a low electrolytic
density so as to produce a small amount of heat during
the main battery formation stage and an electrolytic so-
lution with a higher density for final charging of the bat-
teries with an electrolyte having a final concentration sub-
stantially equal to the concentration for operation of the
battery.

[0012] For this purpose, the external circuit for circu-
lating the electrolytic solution comprises two circuits,
each of which has, connected along it, a storage tank for
the respective electrolytic solution, a heat exchanger and
means for adjusting the density of the solution by means
of the controlled supply of water or electrolyte.

[0013] The sulfuric acid concentration must remain
substantially constant during charging. However, the
chemical reactions produce a variation in the concentra-
tion of the electrolyte. In particular, during the formation
stage there is an increase in the concentration of the
electrolytic solution and consequently the density adjust-
ing means introduce preset amounts of solvent liquid
(usually water).

[0014] Normally the electrolytic solution is introduced
with force inside each cell so that the electrolyte already
present is forced out under pressure.

[0015] For this purpose, as is known, each voltaic el-
ement (or cell), referred to below in short as "cell", is
provided with a closing cap inserted inside an opening
provided on top of the lid of its plastic container.

[0016] Each cap usually comprises an inlet pipe,
through which the electrolytic solution is introduced into
the cell, and an outlet pipe, through which the electrolytic
solution is extracted from the cell. The inlet and outlet
pipes in the cap of each cell are respectively connected
by means of first and second connecting lines to an elec-
trolytic solution distribution header, which receives the
solution from a delivery line, and to an electrolytic solution
receiving header, which conveys the solution to a return
line. This circulation circuit, via the pipes in the cap, en-
sures thatthere is a continuous flow of electrolyte passing
through the individual cells.

[0017] In greater detail, the end of the inlet pipe inside
the cell extends down to a height lower than that which
is reached by the inner end of the outlet pipe.
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[0018] The inlet pipe has a diameter with dimensions
specifically designed to supply the cell with a predeter-
mined flow usually determined by the piezometric height
at which the distribution header is situated. Heating of
the cells and the pressure acting on them in order to
circulate the electrolytic solution may result in deforma-
tion of the cell containers.

[0019] Moreover, during the formation stage, the elec-
trochemical reactions which occur inside the cells may
generate inflammable gases and in particular hydrogen.
The latter may accumulate in the top part of the cell un-
derneath its lid, without being able to escape through the
outlet pipe. Moreover, the hydrogen atmosphere under-
neath the lid may be enriched also with oxygen which
has formed during separation of the water in particular
during the final charging stage when the plates are less
likely to absorb the sulfates.

[0020] Consequently, dangerous explosions may oc-
cur in the event of short-circuits between plates of differ-
ent polarity.

[0021] In order to overcome these drawbacks, it is
known, for example, from EP-A-1627438 to extract the
electrolytic solution from the cells by providing a vacuum
using suitable fans in the electrolytic solution return line
and providing an opening in the cap suction connection
pipes in order to dilute the quantity of hydrogen, or in-
flammable gases, which are conveyed along the return
line. In greater detail, in accordance with the teaching
expressed in this patent on Page 11, lines 3 to 6, the gas
expelled by the fan contains a quantity of hydrogen below
the limit which triggers explosion thereof in air, because
it is diluted in each of the pipes connected to the return
pipe, said pipes each having an opening which allows
the entry of sufficient volumes of air.

[0022] This solution, however, in practice has proved
to be not without drawbacks. In fact, most of the accidents
due to explosion of the hydrogen/oxygen combustion
mixture occur in the proximity of the battery and not along
the circuit for drawing off the electrolytic solution.
[0023] As is known, in fact, the risks of explosion are
mostly due to small discharges which occur not so much
when the electrolytic solution is drawn off and conveyed,
but more so inside the battery and, even more frequently,
on the outside thereof.

[0024] As is known, the plates with different polarity
are alternated with each other inside the battery and are
connected to two ordinary electrodes which are welded
to the lead sleeves fixed to the lid. A voltage differential
of 2 volts exists between the plates of different polarity
and may give rise to discharges, for example due to faults
or holes in the dividing partitions, causing triggering of
the explosive mixture.

[0025] Before charging, the electrodes of the various
cells are connected to electrical connectors so that the
batteries are arranged in series and connected to the
power supply source. The batteries are often damp with
the sulfuric acid solution which, attacking the lead of the
electrodes, forms lead sulfate which is an insulating
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agent. When the operator moves the connectors in order
to re-establish electrical conduction, electrical discharg-
es may occur between the connector and the electrode
outside the battery with consequent triggering of the ex-
plosive combustion mixture.

[0026] In the sector for the manufacture of industrial
batteries, in particular large-size batteries, such as in par-
ticular static batteries, filling of the cell container with the
electrolyte is a fairly lengthy process because of the large
quantity of electrolytic solution which must be introduced
into the containers before they are filled, so as to allow
the electrolytic solution to start circulating inside the ex-
ternal circuit and to cool as a result.

[0027] Operationally speaking, in order to perform
electrolytic formation, the batteries to be charged are ar-
ranged on pallets and are then electrically connected to
an electric power source (mains power supply) and then
the caps are hydraulically connected to both the delivery
and return connecting lines so as to then start the plant
charging process.

[0028] The inlet pipe in each cap is, however, specifi-
cally designed for the cell operating condition so that in-
itially a lot of time is required to fill the container of each
cell with the electrolytic solution before the latter reaches
the outlet pipe of the cap and can start to circulate inside
the external cooling circuit.

[0029] In addition to the drawback of the long time re-
quired for electrochemical formation of the plates (or
charging of the batteries) owing to the time lost with filling
the cells, the chemical reactions which occur at the start
of filling may cause excessive heating of the electrolytic
solution, which risks damaging the active material.
[0030] Forthese reasons, the large-size batteries are
usually filled manually before being charged, by inserting
the free ends of pipes connected to a storage tank con-
taining the electrolytic solution, into the openings in the
caps of the cells, before closing them with the caps.
[0031] This procedure is awkward and lengthy to per-
form and requires personnel to carry out filling of all the
cell containers.

[0032] Moreover, in the event of a malfunction of the
suction systemintended to provide a vacuuminthereturn
line, the electrolytic solution flows out from the end of the
compensation pipe into the air and is dispersed, soiling
the premises and the plant.

Disclosure of the invention

[0033] The problem forming the basis of the present
invention is therefore that of overcoming the drawbacks
of the known plants by providing an improved plant for
the electrochemical formation of lead-acid batteries,
which is able to perform the electrochemical formation
of the battery cells in a substantially safe manner without
the risk of explosion.

[0034] A further object of the present invention is to
provide an improved plant for the electrochemical forma-
tion of lead-acid batteries, which is able to shorten the
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time required for electrochemical formation of the cells
even if they are large in size.

[0035] A further object of the present invention is to
provide an improved plant for the electrochemical forma-
tion of lead-acid batteries, which is constructionally inex-
pensive to produce and operationally entirely reliable.
[0036] Another object of the presentinvention is to pro-
vide an improved plant for the electrochemical formation
of lead-acid batteries, which is completely automatic.
[0037] With the plant according to the present inven-
tionitis possible to achieve the advantage of filling quickly
large-size cells, in particular static battery cells, without
the need for manual operations, in a manner which is
entirely safe for the operators and without the possibility
of undesirable losses of electrolytic solution.

Brief description of the drawings

[0038] The technical features of the invention, in ac-
cordance with the abovementioned objects, may be
clearly determined from the contents of the accompany-
ing claims and the advantages thereof will emerge more
clearly from the detailed description which follows, with
reference to the accompanying drawings which illustrate
a purely exemplary and nonlimiting embodiment thereof,
where:

Fig. 1 shows a diagram of a first example of a plant
for the electrochemical formation of lead-acid batter-
ies, according to the present invention;

Fig. 2 shows a diagram of a second example of a
plant for the electrochemical formation of lead-acid
batteries, according to the present invention;

Figs. 3A and 3B show a detail of the plant according
to Figure 2, relating to a cap mounted on a battery
cell in two different operating conditions;

Fig. 4 shows a diagram of a third example of a plant
for the electrochemical formation of lead-acid batter-
ies, according to the present invention;

Figs. 5A and 5B show a detail of the plant according
to Figure 4, relating to a cap mounted on a battery
cell in two different operating conditions.

Detailed description of a preferred example of embodi-
ment

[0039] With reference to the accompanying drawings,
1 denotes in its entirety an example of a plant for the
electrochemical formation of lead-acid batteries, accord-
ing to the present invention.

[0040] In accordance with the accompanying figures,
a plurality of elements or cells 2, in particular of large-
size static batteries, is positioned on a bench or on a
pallet (not shown) for easy transportation. Each cell 2
comprises, in an entirely conventional manner, a rigid,
box-shaped, plastic container 2’ which is closed at the
top by alid 2" which has, fixed projecting externally there-
from, a positive electrode 3 and a negative electrode 4.
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Each of these elements also extends inside the container
so as to be connected to the plates (not shown) of cor-
responding polarity. The electrodes 3, 4 are connected
for the electrochemical formation process to respective
conducting bars of opposing polarity which are in turn
connected to an electric power source which supplies
them with direct current in accordance with predeter-
mined charging programs.

[0041] The plant comprises a circuit 5 having, circulat-
ing within it, an electrolytic solution which, in accordance
with the known art, may consist, in an entirely conven-
tional manner, mainly of sulfuric acid (electrolyte) in an
aqueous solution. The circuit 5 is configured, as will be
described more fully below, so as to reach all the cells 2
which are to undergo the electrochemical formation proc-
ess of the plant 1, causing to flow through them an elec-
trolytic solution which is suitably cooled and controlled
with regard to its electrolytic concentration.

[0042] Inaccordance with the embodiment of the plant
1 shown in the accompanying figures, the circuit 5 for
circulating the electrolytic solution comprises supply
means 6 for supplying the battery cells 2 with a first flow
of electrolytic solution at a controlled piezometric pres-
sure and return means 7 for drawing off under a vacuum
the aforementioned first flow of electrolytic solution from
the cells 2 so as to generate a continuous circulation of
solution inside them.

[0043] As will be explained below, the aforementioned
flow which supplies the cells 2 is also able to keep the
concentration of electrolyte substantially constant.
[0044] In greater detail, the supply means 6 comprise
adelivery line 8 connected to at least one first distribution
header 9for conveying the first flow of electrolytic solution
into the cells 2 of the batteries.

[0045] The first distribution header 9 extends horizon-
tally in tubular form and preferably a normal plant 1 will
have various first distribution headers 9 arranged in suc-
cession with their longitudinal axes aligned in a direction
parallel to the direction of longitudinal extension of the
plant 2 (and in particular to that of the delivery line 8), so
as to supply various charging stations positioned along
the same plant 1 and designed to charge battery cells
which for example have electrical characteristics differing
from each other.

[0046] The first distribution header 9 is supplied by the
delivery line 8 via a first connecting pipe 23 along which
a first valve 24 is connected.

[0047] Inturn,the return means 7 comprise areceiving
line 11 connected to at least one suction header 12 which
is under a vacuum so as to draw off from the cells 2 the
first flow of electrolytic solution which was introduced into
the cells 2 by the distribution header 9.

[0048] For this purpose, the suction header 12 extends
horizontally in tubular form, parallel to the first distribution
header 9 so as to draw off from each cell 2 the aforemen-
tioned first flow of electrolytic solution. The vacuum is
achieved by means of an electric fan 14 which advanta-
geously is connected to the receiving line 11 and is able
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to expel the air into the atmosphere after subjecting it to
filtering operations. The receiving line may have, con-
nected along it, an intermediate tank (not shown in the
accompanying figures) for separating the liquid phase
from the air phase and, in this case, the electric fan 14
may be mounted on top of the tank in order to draw off
the gaseous phase.

[0049] An opening 16 is formed on the lid of each cell
2 and sealingly seats a cap 17 which is connected in a
removable manner. For this purpose, the cap may be
provided with a seal and with fastening means such as
a snap-engaging system involving elastic deformation of
an annular lug provided, or athread able to engage inside
a matching counter-thread formed on the edge of the
opening 16, or also other equivalent solutions.

[0050] Each cap 17 is provided with an inlet pipe 18
and an outlet pipe 19 which are connected to the elec-
trolytic distribution circuit before start-up of the plant 1 as
described hereinbelow.

[0051] The inlet pipe 18 of the cap 17 of each cell 2 is
connected by means of a first connecting line 10 to the
first distribution header 9 so as to supply the correspond-
ing cells 2 with the first flow of electrolytic solution, while
the outlet pipe 19 is connected via a second connecting
line 13 to the suction header 12 so as to extract the first
flow of electrolytic solution from the said cells 2, i.e. that
flow which entered into the containers of the cells 2 via
the inlet pipe 18.

[0052] According to the underlying idea of the present
invention, each cap also comprises at least one ventila-
tion pipe 20 which connects the internal environment of
the corresponding cell 2, present underneath the lid 2",
to the external environment which is at atmospheric pres-
sure, so as to dilute the formation of inflammable gases
inside the said cell 2.

[0053] In greater detail, the ventilation pipe connects
via a third connecting line 22 the cap 17 to the top of the
first distribution header 9 (distribution tank) which is un-
der atmospheric pressure.

[0054] This ventilation pipe 20 favors the entry of air
from the external environment, said air diluting the con-
centration of the inflammable gases which are formed
inside the cell 2.

[0055] The ventilation pipe 20 balances the pressure
inside the cells 2 with the external atmospheric pressure,
preventing the formation of a vacuum inside the cells 2
or preventing the head of the first distribution header 9
from creating an overpressure inside the cells 2 which
could deform the casing thereof.

[0056] It should be noted that, in the case of a mal-
function of the plant section which draws off the electro-
lyte, i.e. if the suction header 12 no longer draws off the
electrolyte from the outlet pipe 19, the electrolyte de-
scending from the first distribution header 9 through the
inlet pipe 18 may find a way out of the cells 2 along the
ventilation pipe 20. Since the latter is connected to the
top part of the first distribution header 9, the said venti-
lation pipe 20 closes off the flow of electrolyte owing to
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the greater head of the electrolyte column which forms
inside the ventilation pipe 20 compared to the level of
electrolyte inside the first distribution header 9.

[0057] The firstdistribution header 9 is supplied by the
delivery line 8 via a first connecting pipe 23 along which
a first valve 24 is connected.

[0058] During filling of the containers, the valve 24 is
opened so as to supply the cells 2 with the flow of elec-
trolyte.

[0059] The first distribution header 9 is provided with

a first piezometric line 27 which ensures a constant and
controlled head along the inlet pipes 18 of the caps 17
so as to control the first flow supplying the cells with elec-
trolytic solution. For this purpose the valve 24 may be of
the modulating type for controlling precisely the flow from
the delivery line 8 to the first distribution header 9.
[0060] The first flow which passes through the individ-
ual cells 2 has afairly low flowrate in order to allow charg-
ing inside the cells 2 by promoting the correct electro-
chemical reactions on the plates.

[0061] The drawing off of the electrolytic solution
through the outlet pipes 19 of the caps 17 on the cells 2
must be balanced by the introduction of the first flow of
electrolytic solution through the inlet pipes 18 so as to
draw off the same quantity which is introduced, or slightly
more, without ever drawing off an excessive quantity of
air and without consequently having to overdimension
excessively the electric fan 14.

[0062] Drawing off through the outlet pipes 19 is there-
fore substantially preset for a flowrate which is slightly
greater than the average flowrate of the first flow of elec-
trolytic solution so that, even when the bottom ends of
the outlet pipes 19 are situated slightly above the free
surface of the electrolytic solution, the air flow sucked in
by the electric fan 14 through the second connecting line
13 as well as through the suction header 12 is reasonably
limited by the predefined cross-section of the said outlet
pipes 19.

[0063] Advantageously, in accordance with the em-
bodiments shown in Figures 2 to 5, the supply means 6
comprise a second distribution header 21 which is able
to be connected by means of the third connecting lines
22 to the ventilation pipe 20 in the caps 17 so as to supply
the said cells 2 during initial filling with a second flow of
electrolytic solution greater than that of the first flow.
[0064] In greater detail, according to the embodiment
of the present invention shown in Figures 2 and 3, the
aforementioned first connecting line 10 is formed by a
main section 100 and by a branched section 200.
[0065] The main section 100 has a first end 101 con-
nected to the inlet pipe 18 of the corresponding cell 2 and
a second end 102 connected to a second distribution
header 21.

[0066] The main section 100 of the first connecting line
10 also acts at the same time as a third connecting line
22, while the inlet pipe 18 acts as a ventilation pipe 20.
[0067] The branched section 200, which extends from
the main section 100 forming with it for example a T con-



9 EP 2 204 866 A1 10

nection, has a third end 201 which is connected to the
first distribution header 9 so as to introduce into the cell
2 the first flow of electrolytic solution.

[0068] The quantity of electrolytic solution to be recy-
cled into the cells 2 of the batteries, referred to above as
first flow, must be controlled, generally by means of a
modulating valve (referred to below as first valve 24), so
as to promote the correct chemical reactions inside the
cells 2. The abovementioned quantity of electrolytic so-
lution which passes through the cells is varied automat-
ically so as to keep the temperature substantially con-
stant and typically between 45° and 55°C, in order to
avoid dangerous overheating of the material deposited
on the plates of the cells 2. Further variations in the first
flow of electrolytic solution may also be subject to replen-
ishment with water or sulfuric acid, as will be described
below.

[0069] The second distribution header 21 is able to
supply the cells 2 with a second flow of electrolytic solu-
tion by means of the aforementioned main section 100
of thefirst connecting line 10, preferably only during initial
filling of the cells 2.

[0070] Ingreater detail, the second distribution header
21 is supplied by means of a second connection pipe 25
which has, connected along it, a second valve 26 able
to assume at least one open position, where it supplies
and fills the cells by means of the second flow, in partic-
ular during an initial stage of electrochemical formation
of said batteries, and at least one closed position, where
it connects the cells with the atmospheric pressure during
normal filling of the cells 2.

[0071] Duringfilling, the first flow of electrolytic solution
which must be recycled through the cells is drawn off
from the first distribution header 9 by means of the
branched section 200 of the first header which then leads
into the main section 100 and down into the cells 2
through the inlet pipe 18. The first flow which passes
through the individual cells 2 therefore has, as men-
tioned, a fairly low flowrate in order to allow charging
inside the cells 2 by promoting the correct electrochem-
ical reactions on the plates.

[0072] The first distribution header 9 is provided with
a first piezometric line 27 which ensures a constant and
controlled head along the inlet pipes 18 of the caps 17
so as to control the first flow supplying the cells with elec-
trolytic solution. For this purpose the valve 24 may be,
as mentioned, of the modulating type for controlling pre-
cisely the flow from the delivery line 8 to the first distri-
bution header 9.

[0073] During battery charging and formation, the sec-
ond valve 26 is in the closed position such that the main
section 100 of thefirstconnecting line 10 keeps the cham-
ber defined by the rigid container 2’ of the cell at atmos-
pheric pressure.

[0074] For this purpose, the main section 100 has a
greater cross-section than the branched section 200 so
that the first flow of electrolytic solution affects only a
minimum part of the cross-section of the main section
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100 and the chamber of the cell 2, during normal charging
(following initial filling of the batteries), is kept constantly
at atmospheric pressure owing to the connection by
means of the aforementioned main section 100, the sec-
ond distribution header 21 and a second piezometric line
28 connected to the second distribution header 21.
[0075] The main section 100 may convey the second
flow of electrolytic solution at a rate which is considerably
greater than that of the first flow. The flowrate of the sec-
ond flow of electrolytic solution is conveniently greater
than that of the first flow since it is intended, initially, to
fill quickly the cells, while the flowrate of the first flow is
determined simply by the continuous topping up which
is required to optimize the formation process and main-
tain the optimum temperature and concentration charac-
teristics of the electrolytic solution.

[0076] The second distribution header 21 is situated
above the first header 9 and is provided with the afore-
mentioned second piezometric line 28 able to ensure the
second flow for supplying the cells with electrolytic solu-
tion for as long as the second valve 26 is open or during
initial filling of the cells 2. When this stage has been com-
pleted and once the second valve 26 is closed, the sec-
ond distribution header 21 discharges into the cells 2 the
electrolytic solution accumulated so as to free completely
the main sections 100 of the first connecting lines 10
which will then convey the atmospheric pressure inside
the cells 2 for the continuation of the charging process.
[0077] During thisinitial containerfilling stage, both the
valves 24 and 26 may be open in order to supply in par-
allel the container, allowing more rapid filling thereof.
[0078] Thebranched section 200 ofthe first connecting
line 10 is designed with dimensions such as to convey
into the section branch and therefore into the cell 2 only
the quantity of the first flow of electrolytic solution. For
this purpose, it has suitably predefined dimensions, for
example with an adjustable constriction at the outlet from
the first distribution header 9, so as to recycle into the
cell 2 in a precise manner the first flow of electrolytic
solution necessary for optimization of the charging proc-
ess.

[0079] Drawing off through the outlet pipes 19 is, as
mentioned, substantially preset for a flowrate which is
slightly greater than the average flowrate of the first flow
of electrolytic solution.

[0080] Therefore, the inlet pipe 18 of the cap 17 has a
cross-section much greater than that of the outlet pipe 19.
[0081] The main section 100 of the first connecting line
10 mentioned above performs two different functions, i.e.
a supplying function, where it conveys a second flow of
electrolytic solution into the cell 2 during initial filling, in
particular coinciding with the start of the electrochemical
formation process, and a degassing operation, which
takes place for the entire subsequent duration of the for-
mation process, where the same main section 100 con-
nects, together with the second header 21 and the line
28, the upper volume of the cell 2, which is situated above
the free surface of the electrolytic solution and where
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inflammable gases may accumulate, to the external en-
vironment, thereby placing the interior of the cell 2 under
atmospheric pressure.

[0082] Advantageously, the cap 17 may also be pro-
vided with a seat (not shown) for a temperature probe
which is able to measure the temperature at the outlet
pipe 19.

[0083] The end, inside the cell 2, of the inlet pipe 18
extends down to a height lower than that which is reached
by the inner end of the outlet pipe 19, as can be seen in
the accompanying figures.

[0084] In accordance with the embodiment shown in
Figures 3 and 4, each cap is provided with three separate
pipes, i.e. an inlet pipe 18, an outlet pipe 19 and a ven-
tilation pipe 20. These pipes are connected, prior to start-
up of the plant 1, as described hereinbelow. The inlet
pipe 18 is connected to an end of one of the first con-
necting lines 10 which is connected at its other end to
the first distribution header 9 so as to supply the cell 2
on which the cap 17 is mounted with the first flow of elec-
trolytic solution.

[0085] The outlet pipe 19 is connected to an end of
one of the second connecting lines 13 which is connected
at its other end to the suction header 12 so as to extract
from the cell 2 the first flow of electrolytic solution (Figure
2A) which has entered into the container of the cell 2 via
the inlet pipe 18.

[0086] In this case also, drawing off through the outlet
pipes 19 is, as mentioned, substantially preset for a flow-
rate which is slightly greater than the average flowrate
of the first flow of electrolytic solution.

[0087] In this case also, the abovementioned ventila-
tion pipe 20 performs two different functions, i.e. a sup-
plying function, where it conveys the electrolytic solution
into the cell 2 during initial filling, in particular coinciding
with the start of the electrochemical formation process,
and a degassing operation, which takes place for the
entire subsequent duration of the formation process,
where the same ventilation pipe 20 connects the upper
volume of the cell 2, which is situated above the free
surface of the electrolytic solution and where inflammable
gases may accumulate, to the external environment,
thereby placing the interior of the cell under atmospheric
pressure.

[0088] In accordance with all the embodiments shown
in the accompanying figures, the electrolytic solution re-
ceived by the suction header 12 reaches, as a result of
the vacuum created by the electric fan 14, the receiving
line 11 (or in certain cases a separator tank which ad-
vantageously may be arranged also underground).
[0089] The circuit 5 of the electrolytic solution is com-
posed preferably of a main circuit 5°, inside which a main
flow significantly greater than the flow which is supplied
from the line 11 for receiving the first flows for the cells
2 is circulated by means of a pump 50, and a secondary
circuit 5", which via the delivery line 8 draws off from the
main circuit 5’ only the flow required for the cells 2 and
then reintroduces it into the same main circuit 5 after
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collecting it at the outlet of the cells 2, via the receiving
line 11.

[0090] The main circuit 5 comprises a third pipe 51
having, extending from it, the delivery line 8 along which
a storage tank 52 for the electrolytic solution and tem-
perature and concentration control means denoted over-
all by 53 are connected.

[0091] The flow of electrolytic solution from all the cells
2, collected inside the separator tank 15, is then con-
veyed by means of a second pump 54 and via a fourth
pipe 55 into the main circuit &, preferably at an intersec-
tion 56 which is situated immediately upstream of the first
pump 50.

[0092] The pump 54 has on its delivery side a head
which is greater than that present in the main circuit 5’
at the intersection 56 so as to allow the flow of electrolytic
solution of the secondary circuit 5" to be introduced into
the main circuit 5.

[0093] This electrolytic solution supplied from the cells
2 has a temperature which is higher than that of the elec-
trolytic solution with which the cells 2 were previously
supplied via the first distribution header 9. The concen-
tration of electrolyte in the solution varies during the elec-
trochemical reactions which occur during the charging
process. Since, however, the plant 1 treats simultane-
ously several cells 2 which are organized in different
charging stations operating at different times and with
different charging cycles, the concentration of the elec-
trolyte in the secondary circuit 5" may be partly compen-
sated for. Moreover, during the very initial charging
phase, when the acid is introduced into the cells 2, there
is dilution of the electrolytic solution with a reduction in
the concentration of the electrolyte, which concentration
instead increases during the subsequent electrochemi-
cal formation stage. Therefore, the flow of solution col-
lected inside the receiving line 11 must be cooled and
generally requires only small adjustments of the concen-
tration.

[0094] The control means 53 mentioned above com-
prise advantageously a filtering unit 29, which filters out
any impurities which may have been picked up by the
flows of electrolytic solution inside the individual cells 2
during charging.

[0095] An adding mixer 30 for continuously adjusting
the density of the electrolytic solution is arranged down-
stream of the filtering unit 29. The abovementioned add-
ing mixer 30 has, flowing into it, a water supply line 31
and sulfuric acid supply line 32 which are both subject to
respective control means 33. The latter preferably consist
of modulating valves which allow the introduction of pre-
defined amounts of fluid depending on opening of the
said valve.

[0096] Two devices for detecting the concentration of
electrolyte in the solution, denoted by 34 and 35 respec-
tively, are provided upstream and downstream of the
adding mixer 30.

[0097] Depending on the concentration detected by
them, water and/or electrolyte (sulfuric acid) are added
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by the adding mixer 30 within the electrolytic solution.
[0098] Since, in fact, the flow which circulates inside
the main circuit 5’ is constant, and knowing via the de-
tection devices 34 and 35 the concentration of electrolyte
in the solution, it is possible, by means of the adding
mixer 30, to control precisely the concentration of the
solution.

[0099] Downstream of the adding mixer 30 there is a
cooling unit 36 for cooling the electrolytic solution.
[0100] The invention thus conceived therefore
achieves the predefined objects.

Claims

1. Improved plant for the electrochemical formation of
lead-acid batteries, of the type each provided with a
rigid container closed at the top by a lid and contain-
ing at least one voltaic cell, said plant comprising:

- at least one circuit inside which an electrolytic
solution flows and which is provided with supply
means for conveying into the cells of said bat-
teries, by means of at least one first distribution
header, a first flow of electrolytic solution at a
controlled pressure, and with return means for
removing under a vacuum, by means of at least
one suction header, said first flow of electrolytic
solution from said cells;

- a plurality of caps which can be removably
mounted in a sealed manner on the lids of said
batteries opposite corresponding cells, each
cap comprising:

- at least one inlet pipe connected via a first
connecting line to said first distribution
header 9 for supplying a corresponding said
cell with said flow of electrolytic solution;

- at least one outlet pipe connected via a
first second line to said first suction header
for extracting from said cell said first flow of
electrolytic solution;

characterized in that each said cap also comprises
at least one ventilation pipe which connects the in-
ternal environment of the cell, present underneath
the lid, to the external environment which is at at-
mospheric pressure, so as to dilute the formation of
inflammable gases inside said cells.

2. Improved plant for the electrochemical formation of
lead-acid batteries according to claim 1, character-
ized in that said ventilation pipe connects via a third
connecting line said cap to the top of said first distri-
bution header, which is under atmospheric pressure.

3. Improved plant for the electrochemical formation of
lead-acid batteries according to claim 1, character-
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ized in that said ventilation pipe of each said cap is
connected via a third connecting line to a second
distribution header of said supply means which sup-
ply, by means of said second distribution header,
during initial filling of the plant, said cells with a sec-
ond flow of electrolytic solution greater than the first
flow of electrolytic solution.

Improved plant for the electrochemical formation of
lead-acid batteries according to claim 3, wherein said
first connecting line comprises:

- at least one main section, which acts as said
third connecting line and has a first end connect-
ed to the inlet pipe of said cell, which acts as
said ventilation pipe, and a second end connect-
ed to a second distribution header of said supply
means;

- a branched section, which extends from said
main branch and has a third end which is con-
nected to the said first distribution header so as
to introduce into said cell said first flow of elec-
trolytic solution;

said supply means being able to supply, by means
of said second distribution header and by means of
said main section, said cells with a second flow of
electrolytic solution.

Improved plant for the electrochemical formation of
lead-acid batteries according to claim 4, character-
ized in that said first section has a cross-section
greater than that of said branched section.

Improved plant for the electrochemical formation of
lead-acid batteries according to claim 4 or 5, char-
acterized in that said second flow of electrolytic so-
lution is greater than the first flow of electrolytic so-
lution

Improved plant for the electrochemical formation of
lead-acid batteries according to any one of the claims
from 4 to 6, characterized in that the inlet pipe of
said cap has a cross-section which is greater than
the outlet pipe of said cap.

Improved plant for the electrochemical formation of
lead-acid batteries according to any one of the claims
from 4 to 7, characterized in that the branched sec-
tion of said first connecting line is designed with di-
mensions substantially so as to convey, along said
main section and therefore into said cell, the quantity
of said first flow of electrolytic solution.

Improved plant for the electrochemical formation of
lead-acid batteries according to any one of the pre-
ceding claims, characterized in that the outlet pipe
of said cap is designed with dimensions substantially
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so as to draw off the quantity of said first flow of
electrolytic solution.

Improved plant for the electrochemical formation of
lead-acid batteries according to any one of the claims
from 3 to 9, characterized in that said second dis-
tribution header is supplied by means of a second
connection pipe which has, connected along it, a
second valve able to be displaced between at least
one open position, where it supplies said cells by
means of said second flow, during filling thereof, in
particular during initial electrochemical formation of
said batteries, and at least one closed position,
where it connects said cells to the atmospheric pres-
sure.

Improved plant for the electrochemical formation of
lead-acid batteries according to claims 4 and 10,
characterized in that via said second closed valve,
said first flow flows inside the main section of said
first connecting line, occupying a fraction of its cross-
section and keeping said cell constantly connected
to the atmospheric pressure.

Improved plant for the electrochemical formation of
lead-acid batteries according to claim 3, character-
ized in that said first distribution header and said
second distribution header extend parallel to each
other with an elongated tubular form, in particular
with said second header situated at a height greater
than the first header.

Improved plant for the electrochemical formation of
lead-acid batteries according to claim 3 or 12, char-
acterized in that said suction header has an elon-
gated tubular form directed parallel to that of the two
distribution headers.

Improved plant for the electrochemical formation of
lead-acid batteries according to claim 3, character-
ized in that the ventilation pipe of said cap has a
diameter greater than the inlet pipe of said cap, in
particular the diameter of the ventilation pipe of said
cap being 1.5 to 15 times greater than the diameter
of the inlet pipe of said cap.
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